stroke. Five million of them are left permanently disabled, placing a burden on both family and community. 1 In almost 66% of the stroke survivors with initial motor deficits, the affected arm remains without function after 6 months. 2, 3 Because of this lack of function, the patient's affected arm re-mains inactive and immobilized. Over time, the central nervous system and (connective) tissues of the arm adapt to this state of inactivity, 4, 5 often resulting in residual impairments such as contracture and hypertonia.
Poststroke hypertonia (increased resistance to passive stretch) has been associated with dependence in everyday activities, 6 motor impairments, activity limitations, 7, 8 worse arm motor recovery, and a longer time to admission for rehabilitation. 9 Ideally, knowledge about epidemiologic data concerning hypertonia and its associated prognostic variables might help physiatrists and therapists to recognize how often it occurs and which patients are at greater risk of developing hypertonia so that preventive measures could be taken in daily clinical practice. However, data about the incidence of hypertonia are scarce, and until recently, only a few postacute prognostic variables could be identified as a risk factor 12 months after stroke. 10, 11 Besides that, the available data about the prevalence are rather heterogeneous because of differences in patient groups (acute vs chronic/ischemic vs hemorrhagic stroke), assessment timing (ranging between 5.4d and 18mo), assessment methods (Ashworth Scale, Modified Ashworth Scale, Tone Assessment Scale), study design (cross-sectional vs longitudinal), and the clinical definitions of hypertonia. 6, 7, 9, 12, 13 Moreover, because hypertonia may fluctuate over time in about 5% to 7.5% of the patients, 7, 12, 14 data from cross-sectional studies may underestimate or overestimate the prevalence of hypertonia.
The 2 major contributors to hypertonia are reflex hyperexcitability and the passive mechanical properties of the muscle (contracture). 15 A more serious degree of upper motor neuron damage (ie, a larger stroke) results not only in less recovery 16 but also in the development of significantly more clinical manifestations such as reflex hyperexcitability. 17 In addition, full arm paralysis or severe paresis is likely to result in learned nonuse 18 of the hemiplegic arm, increasing the chance of contracture development. Since the combined effects of reflex hyperexcitability and contracture can cause increased resistance to passive stretch, one may expect that patients with stroke who have the most severe brain damage (and hence the From De Vogellanden, Center for Rehabilitation, Zwolle (de Jong, Hoonhorst); Department of Rehabilitation Medicine (de Jong, Dijkstra), the Center for Rehabilitation (Stuive), and the Department of Oral and Maxillofacial Surgery (Dijkstra), University Medical Center Groningen, University of Groningen, Groningen, The Netherlands.
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Reprint requests to Lex D. TMS  transcranial magnetic stimulation  t0  prestroke  t1 assessment at 48 hours poststroke t2 assessment after 10 to 12 days poststroke t3 assessment at 3 months poststroke t4 assessment at 6 months poststroke poorest level of recovery of arm motor control) are more at risk for the development of hypertonia. Although some literature reports on how arm hypertonia evolves poststroke, 12, 19 to date little is known about whether hypertonia develops differently in specific subgroups of patients. To test this hypothesis, subgroups have to be formed based on the level of arm motor control. Findings from 2 recent studies showed that patients with severe arm paresis had 10 19 to 22 6 times higher odds of having hypertonia at 1 month and 1 year poststroke, respectively, compared with patients with no and moderate paresis. However, in both studies, hypertonia was deemed present if resistance to passive movement was felt during any of 8 different passive arm movements performed, which gives little detail about which muscles are most prone to hypertonia development. Moreover, 1 study 6 was a cross-sectional survey 1 year after stroke, presenting results from which it is difficult to predict who is (most) at risk of developing hypertonia and who may benefit from preventive intervention early after stroke onset. Collecting prospective data from single arm muscle groups would facilitate more accurate predictions. The aim of this study was 2-fold: (1) to analyze the incidence and prevalence of hypertonia in the hemiplegic elbow flexors during the first 6 months poststroke, and (2) to analyze the influence of motor control and time on the development of hypertonia. We hypothesized that (1) stroke survivors with poor recovery of motor control were more at risk for the development of hypertonia than those with a better level of recovery, and (2) the longer the period after stroke, the greater the risk for hypertonia.
METHODS

Participants and Study Design
The current study was part of a cohort study on the predictive value of transcranial magnetic stimulation (TMS) for recovery in ischemic stroke (M.H. Hoonhorst, unpublished data, 2011). The original cohort, 73 patients with first-ever ischemic strokes who were admitted to a specialized stroke unit of a large university-affiliated hospital (Isala Clinics, Zwolle, The Netherlands), was recruited between August 2005 and February 2008. Eligible participants were those who were unable to elevate the arm while lying in a supine position, unable to voluntarily move the fingers during the first physical screening, or both. After confirmation of the diagnosis by computed tomography or magnetic resonance imaging scan, the patient had to be hospitalized within the first day after the onset of symptoms and had to show a unilateral paralysis or significant paresis of the arm (Medical Research Council score, 0 -3). Patients were excluded if they had severe loss of consciousness, were comatose, terminally ill, unable to receive neurorehabilitation because of severe comorbidity, or if contraindications to TMS were present. 20 In addition, patients without clear motor deficits within 24 hours of stroke onset (resulting from a transient ischemic attack) as clinically judged by the neurologist were also excluded. Each participant was assessed within 48 hours (t1), after 10 to 12 days (t2), and after 3 (t3) and 6 (t4) months postonset. All participants or close relatives gave written informed consent. The study was approved by the local medical ethics committee.
Clinical Assessments
At baseline (t1), the participants' characteristics (age, sex, affected side) and Barthel Index scores were collected. Hypertonia was assessed using the 6-point Modified Ashworth Scale (MAS), 21 which is a valid indicator of resistance to passive stretch. 15 During administration of the MAS, the participants were seated in a comfortable position with their forearms in supination. Participants were instructed to relax while the rater first passively moved the forearm from full flexion to full extension to determine the available range of motion. This was done slowly so as not to elicit any reflex activity. Then the same movement was repeated in approximately 1 second by counting "one thousand and one" to rate the actual resistance to passive movement. Clinically relevant hypertonia was operationally defined as an MAS score of at least 1ϩ (slight increase in muscle tone, manifested by a catch, followed by minimal resistance throughout the remainder [less than half] of the range of motion). Motor control of the hemiplegic arm was assessed using the 66-point arm section of the Fugl-Meyer Assessment (FMA). 22 The FMA has an excellent reliability, has good construct validity, 23, 24 and is highly responsive for changes in motor function after stroke. 25 We considered participants with an FMA score of 18 points or less as having poor motor control, and participants with more than 18 points as having moderate to good motor control. During the t2, t3, and t4 assessments, participants were additionally asked to report their weekly frequency of occupational therapy (OT) and physical therapy (PT), and whether arm function training (yes or no) was part of the treatment program in the weeks before the assessments. All assessments were performed in the hospital or outpatient location by the same rater (M.H.H.).
Statistical Analyses
Descriptive statistics were used to report participant characteristics at baseline. Incidence proportion (number of participants developing hypertonia during a period/total number of participants at risk observed during that period) and prevalence (total number of participants showing hypertonia/total number of participants) were calculated for t1, t2, t3, and t4. At these time points, the frequency of OT and PT and the number of participants receiving arm function training were compared between the 2 arm function groups (poor arm function vs moderate/good arm function) by using an independent t test and a chi-square test, respectively. To estimate the predictive value of poor motor control and days after stroke for the development of hypertonia during the first 6 months, we dichotomized the MAS scores (MAS Յ1 and MAS Ն1ϩ) and subsequently performed a logistic generalized estimating equations (GEE) analysis by using an exchangeable correlation structure. With logistic GEE we predicted the dichotomous outcome variable (MAS) on the basis of a binary predictor variable (FMA Յ18 points at t1, yes or no) and an interval predictor variable (days after stroke), while correcting for dependency of the data within a participant (repeated assessments over time). The interaction between motor control and time was explored whereby time was recoded into days after stroke (t1-t4: 2, 11, 90, and 180d, respectively). For all tests, the 2-tailed significance level was set at .05. All analyses were performed using SPSS (version 16). a
RESULTS
Of the initial 73 participants, 22 died and 1 was lost to follow-up (M.H. Hoonhorst, unpublished data, 2011), leaving 50 participants for data analysis. Their baseline characteristics are shown in table 1. Figure 1 shows how hypertonia (the MAS scores) developed over time. The incidence rate of hypertonia reached its maximum (30%) between t2 (10 -12d after stroke) and t3 (3mo after stroke); thereafter the incidence decreased. At 6 months poststroke (t4), 21 participants (42%) had hypertonia (MAS Ն1ϩ), of whom 4 (8%) showed a transient course. Table 2 shows that 40% of the participants already had more than 18 points on the FMA at t1. This percentage increased to 64% at t4. At 6 months postonset, 36% of the participants had 18 points or less on the FMA, and their median FMA scores never exceeded a total of 5 points. In the other subgroup, recovery of arm motor control seemed to have stabilized at about 3 months poststroke with a median of 61 points.
Between the 2 FMA subgroups, no significant differences (P values ranging from .074 to .98) with regard to the frequencies of OT and PT were found for any of the time points (table 3) . The total frequencies per group were also not significantly different (calculations not shown). Table 3 further shows that only 0% to 4% of the participants with more than 18 points on the FMA received arm training from physical therapists. Occupational therapists continued arm treatment in most participants irrespective of the level of arm function until t3. After t3, only 13% of the participants with 18 points or less on the FMA continued receiving arm training from occupational therapists.
Results from the GEE (table 4) revealed that an FMA score of 18 points or less was a significant predictor for the presence of hypertonia; these participants were 12.8 (95% confidence interval [CI], 3.5-47.3) times more likely to develop hypertonia (MAS Ն1ϩ). Days after stroke (time) also was a significant predictor of hypertonia; per day beta increased with .011. The interaction between motor control and time was not significant (Pϭ.58).
DISCUSSION
To our knowledge, this is the first longitudinal study describing in detail both the incidence and the prevalence of elbow flexor hypertonia in the first 6 months poststroke, as well as the predictive value of arm motor control on its development. The incidence rate of hypertonia reached its maximum before the third month poststroke (30%). A large portion (42%) of the participants had hypertonia at 3 and 6 months postonset. The present study also shows that participants with poor motor control (ie, Յ18 points on the FMA) at 48 hours poststroke were 13 times more likely to develop hypertonia in the first 6 months poststroke than those with FMA scores more than 18 points. Arm function training did not confound these findings. Additionally, the risk of developing hypertonia increased significantly over time.
Study Limitations
Some limitations of this study have to be addressed. First, only elbow flexor hypertonia was assessed with the commonly used MAS. Although there is considerable debate about the clinimetric properties of the MAS, several studies [26] [27] [28] have shown that its reliability is sufficiently high (eg, weighted kappaϭ.84 for interrater and .83 for intrarater comparisons 27 ) when used to assess hypertonia in the elbow joint. However, because elbow flexors are not the only arm muscles prone to the development of hypertonia, the prevalence and incidence of hypertonia of the affected arm after stroke may have been underestimated in the current study. Second, because we dichotomized the MAS scores, comparisons with the findings of other investigators may be hindered. We argue that clinically, MAS scores of 1 or less are not relevant, and patients with these scores do not receive interventions aimed at decreasing hypertonia. Further, in our opinion, the "catch and release" phenomenon as part of score 1 of the MAS is caused by a level of reflex hyperexcitability incapable of causing contracture. In addition, to be able to distinguish between no and clinically relevant hypertonia, the rater has to be able to detect clearly the differences in resistance to movement. When hypertonia was quantified biomechanically, subjects with an MAS of 1ϩ proved to have significantly higher resistance to passive movements than subjects with an MAS of 0 or 1, 29 which may be a prerequisite to detect these differences. However, in later re- search, differences in resistance between grades 1, 1ϩ, and 2 could not be confirmed. 30 Future research is warranted to solve this issue. Third, only data of surviving participants were included in the analysis because they completed all assessments needed for the prediction model. Probably these participants had less extensive strokes than those who died in the course of the study. This selection probably resulted in an underestimation of incidence and prevalence data. Finally, the amount of arm function training participants received from occupational and physical therapists during their participation did not confound the outcomes under study, but because some data were missing, the influence of arm function training needs further investigation in future studies. In our study sample, the incidence rate of elbow flexor hypertonia was low at 48 hours and at 10 to 12 days (10%-13%), and reached a 30% maximum at 3 months poststroke with an additional 7% after 6 months. The prevalence steadily increased from 10% to 20% in the first 10 to 12 days to a maximum of 42% at 3 and 6 months poststroke. Comparison of these results with those of others (who claimed to have assessed spasticity, but who used the MAS and thus assessed hypertonia 30 ) is hampered by differences in methodology. In a frequently cited prospective study by Sommerfeld et al 7 (nϭ95), an incidence rate of 21% was found at 5.4 days after stroke. Three months after stroke an incidence rate of 3% was found. The prevalence was 19% at that time. Their higher initial incidence rate could be explained by the cutoff point applied (MAS Ͼ0) and because the assessment was not limited to the elbow joint only. However, if this argument were true, a higher incidence and prevalence would also be expected at 3 months poststroke in that study. More recently, a 4% incidence rate of hypertonia (MAS Ն1) at 2 to 10 days poststroke was reported. The prevalence was 23% at 6 months poststroke. 19 Since the cutoff point for hypertonia was lower than in our study, the differences between our studies cannot be explained adequately. Yet another definition of hypertonia (Ashworth Scale Ն2) was applied in a study 12 where hypertonia in the elbow and wrist was observed at time points similar to those of our study. The overall incidence rate in that study was very high: 63%. This high rate probably occurred because the most severely affected patients (suffering from first-ever or previous strokes) were selected in order to increase the chance of identifying risk factors for early or persistent hypertonia. Although no correlation was found between "early" hypertonia and previous stroke in that study, confounding (hypertonia from a previous stroke) may have affected the results. We therefore argue that it is best to only select patients with first-ever strokes.
The diversity in patient selection, joint assessment, moments of evaluation, and cutoff points for hypertonia illustrates the difficulty of comparing the different research results. Therefore a general overview of how many patients with stroke develop hypertonia can still not be given. What does seem clear, however, is that hypertonia develops predominantly within the first 3 months poststroke 12, 14 and that it has a transient course in a small subgroup of patients. 7, 12, 14, 19 We also observed these 2 patterns in our sample, resulting in a maximum incidence rate and prevalence of 30% and 42%, respectively, and a transient course of hypertonia in 8% of our participants. This latter feature of hypertonia stresses the need for studying not only prevalences but also incidence rates by means of longitudinal study designs from the acute phase on.
To be able to analyze the influence of the level of motor control on the development of hypertonia, we divided our participants into 2 distinct FMA groups. We used an 18-point cutoff score because poststroke recovery trends indicate that those who have the poorest level of recovery score around 18 points in the chronic phase poststroke, 31, 32 and a score of less than 19 points within 4 weeks poststroke is a strong indicator for poor outcome at 6 months. 33 By applying this cutoff score we managed to make a clear distinction between those with poor arm motor control (typically showing only hyperreflexia and mass synergy patterns of shoulder internal rotation, finger and elbow flexion) and those with moderate to good motor control. In the current study, the poor recovery group represented 60% of the 50 participants at 48 hours and 36% at 6 months poststroke. During their participation, all participants received a comparable amount of OT and PT. Participants with the poorest level of arm motor control kept receiving arm PT up to 6 months poststroke. A comparable number of participants in both arm function groups received OT, which was discontinued in the poor function group only after arm motor control had stabilized at 3 months poststroke. This led us to conclude that arm training did not confound hypertonia development. However, one could instead argue that hypertonia was aggravated by the arm function training, a hypothesis that would require further investigation.
Results from our analysis showed that time was a significant contributor to hypertonia development. This was not surprising because both reflex hyperexcitability (resulting from reorganization within the central nervous system) and contracture (resulting from secondary soft tissue changes) need time to develop. 17 Although the resulting OR suggests that the effect of time could be neglected (1.01 per day), the influence of, for example, 30 days is considerable, resulting in an OR of 1.4 ϭ e (30 * 0.011) . Participants with poor arm motor control 48 hours poststroke had a 13 (95% CI, 3.5-47.3) times higher OR of developing hypertonia in the subsequent 6 months compared with those with moderate to good motor control. This result is in concordance with an OR of 10 (95% CI, 2.1-48.4) found in a nearly similar sample, 19 despite another definition of hypertonia (MAS Ն1 in any of 4 arm joints). In another study, 6 an OR of 22 (95% CI, 3.9 -125) was found in a subgroup of participants with the most severe paresis. Despite our smaller sample size, our 95% CIs for the estimated ORs were smaller. Maybe our study sample was more homogenous with respect to the level of arm motor control. However, this assumption cannot be verified because of differences in arm motor control assessment. To analyze the effect of the cutoff point for the FMA, we performed a post hoc sensitivity analysis. The resulting ORs for poor motor control were 14.5 and 9.3 when using an FMA cutoff point of 9 and 36 points, respectively. These results indicate that the level of the cutoff point has an influence on the outcome, but they also show that the FMA is a fairly robust predictor of hypertonia development.
Our findings have shown that elbow flexor hypertonia develops in a considerable subgroup of patients with stroke. Our findings also imply that as early as 48 hours poststroke, one can predict who is most at risk for hypertonia development based on the FMA score. This knowledge might serve physiatrists and therapists to inform their patients about the risk of developing hypertonia. It might also serve therapists to take appropriate preventive actions (although a tailored treatment would require more detailed discrimination between the neural and tissue-related components of hypertonia). Despite these findings, hypertonia also developed in a number of participants with moderate to good arm function, which underscores the need for awareness of this impairment in all patients with stroke.
As mentioned earlier, 2 of the main factors that contribute to hypertonia are reflex hyperexcitability and the passive mechanical properties of the muscle (contracture). 15 Reflex hyperexcitability may be hard to influence in the early stages after stroke. Physical and occupational therapists can, however, prevent contracture development in an attempt to keep down the level of resistance to passive movement. Patients with stroke who have an FMA score of 18 points or less could, for example, have measures implemented to prevent contractures. Such measures are currently not instituted soon enough after stroke. 34 Future prospective research should be performed to assess whether such measures, initiated in the acute phase poststroke, can help to reduce both the incidence and the prevalence of hypertonia and its associated features. To obtain a valid overall picture of the development of hypertonia, it seems paramount to perform more longitudinal research, to only select patients with first-ever strokes, to assess single joints separately, and to use similar definitions for hypertonia. In addition, it may be valuable to simultaneously assess clinical variables that seem to influence or predict the development of hypertonia, and to present raw data (Appendix 1) that enables better comparisons between studies. Finally, we urge future researchers to abandon the use of the word "spasticity" when, in fact, hypertonia (resistance to passive stretch) is assessed by using the MAS. This also implies reevaluation of epidemiologic data concerning spasticity as, for example, defined by Lance. 35 t1  t2  t3  t4   FMA  MAS  FMA  MAS  FMA  MAS  FMA  MAS   0 1  6  0  6  1  4 0  2  4 1  2  02  21  0  17  0  59  0  55  1  03  59  0  58  0  65  0  57  0  04  57  0  66  0  63  0  66  0  05  11  0  59  0  66  0  63  0  06  63  0  66  0  66  0  66  0  07  62  0  65  0  66  0  65  0  08  66  0  66  0  66  0  66  0  09  52  0  58  0  51  0  49  0 0  62  0  32  5  1ϩ  31  1ϩ  36  2  27  2  33  5  1  32  1  61  1  61  1  34  38  1  53  1  65  0  65  0  3 5  7  0  7  1 ϩ  15  1  22  2  3 6  2  0  7  0  4  2  2  2  37  39  0  34  0  61  0  59  0  3 8  3  0  2  1  4  0  4  0  3 9  0  0  0  0  2  0  6  0  40  26  0  2  0  62  0  61  0  41  0  1  21  2  58  3  64  3  4 2  4  2  4  2  5  2  5  1  43  50  0  10  0  51  1ϩ  54  2  44  46  0  1  1  4  1ϩ  2  2  4 5  2  0  2  3  2  2  2  2  4 6  2  0  2  1 ϩ  2  2  2  2  47  3  2  15  3  24  1ϩ  25  2  48  18  0  57  0  60  0  60  0  4 NOTE. The FMA arm score ranges from 0 to 66. Abbreviation: IQR, interquartile range.
